Background. Both population-and individual-level benefits of antiretroviral therapy (ART) for human immunodeficiency virus (HIV) are contingent on early diagnosis and initiation of therapy. We estimated trends in disease status at presentation to care and at ART initiation in sub-Saharan Africa.
Africa had initiated therapy [1] . Successful implementation of new World Health Organization (WHO) guidelines-which recommend ART initiation for those with a CD4 count ≤500 cells/μL and for HIV-infected members of discordant couples regardless of CD4 status [10, 11] -will require a multifaceted approach to diagnose and initiate ART for individuals early in the course of infection. Yet a complex array of factors undermine uptake of HIV testing, presentation to HIV care, and desire to initiate ART, including poverty [12] , geographic and transportation-related barriers [13, 14] , and stigma associated with HIV infection [15] , among others. Therefore, we conducted a meta-analysis to assess progress in HIV care delivery by estimating temporal trends in CD4 count at the time of presentation to care and at ART initiation.
METHODS

Data Sources and Searches
We followed the Meta-analysis of Observational Studies in Epidemiology guidelines for study procedures [16] . We systematically searched PubMed with the goal of identifying published journal articles including reports of CD4 count at the time of presentation to care and/or at ART initiation among HIV-infected adults in sub-Saharan Africa during January 2002-December 2013 (Supplementary Appendix Table 1 ). There were no language restrictions. We chose 2002 as the beginning year for our analysis because it was the first year of published WHO guidelines for ART. An initial search was conducted in October 2013 and updated in December 2013 (to identify articles published in the intervening 2 months and to preferentially include cohort studies focusing on the cascade of HIV care). All citations were imported into EndNote (version X6, Thomson Reuters, New York, New York).
Study Selection and Data Extraction
Studies had to meet each of the following inclusion criteria: (1) based on data obtained from HIV-infected adults living in a sub-Saharan African country; (2) reported a summary measure of CD4 count at presentation to care and/or at ART initiation; and (3) data were collected during 2002-2013. For studies of ART initiation, we did not include data on study participants who were eligible for ART but had not initiated treatment. We excluded studies that did not include HIV-infected adults, were not conducted at least partly in a sub-Saharan African country, did not report original CD4 count data, or featured a design with a prespecified CD4 count range for inclusion.
We first screened titles and abstracts to identify relevant articles for inclusion. Two authors (M. J. S., C. K. N.) screened the first 250 abstracts in duplicate, in groups of 50. After agreement between the 2 authors exceeded Cohen κ >0.90 for 2 successive groups of 50 abstracts, a single reviewer (C. K. N.) screened the remaining abstracts. We reviewed full-text articles for all abstracts that passed initial screening and included any that met the inclusion criteria described above. Bibliographies of systematic reviews and large cohort studies were screened to identify additional articles not identified by the systematic evidence search.
To avoid including duplicate data (ie, data from a single cohort published in multiple articles), we identified all instances in which there was temporal overlap in data published from the same study site. We included in our analysis the article with the largest average sample size per year. We made specific requests to authors of large cohorts to supply data disaggregated by year when they were not available in the published articles. Whenever possible, we disaggregated data by year and included, without temporal overlap, data from multiple studies at the same study site. We used Microsoft Excel (version 14.1.0 for Mac, Microsoft Corporation, Redmond, Washington) to record data of interest for each article.
Data Synthesis and Analysis
For each included study, we abstracted the mean or median CD4 count, and disaggregated these figures by year and country where possible. When both mean and median were presented, we used the median CD4 for our analysis. When studies presented mean or median CD4 count stratified by participant subcategories (eg, sex), we calculated a weighted summary measure. For studies that presented the number and proportion of participants in CD4 count strata, we calculated a weighted mean CD4 using the method described previously by Lesko et al [17] . For CD4 strata with a lower bound ≥200 cells/µL but no upper bound, we set an upper bound of 850 cells/µL. We excluded studies in which >50% of the sample was in a single category with a lower bound <200 cells/µL and no upper bound. (For example, a study by Abaasa et al [18] was excluded because 78% of study participants were reported to have a CD4 count ≥50 cells/µL with no upper bound reported.)
We assigned the median year of the study period as the imputed study year. If the last year of data collection was not reported in the article, we assigned the first year of data collection as the imputed year. When both the first and last years of data collection were not reported in the article, we assigned 2 years before the publication year as the imputed year. The robustness of these imputations was probed in the sensitivity analyses described below.
For our primary analyses, we fitted 2 random-effects metaregression models for CD4 count at presentation to care and CD4 count at initiation of ART, modeling both variables as a linear function of the imputed year. To account for potentially nonlinear trends resulting from updated 2009 WHO guidelines, which recommended ART for all HIV-infected persons with a CD4 count <350 cells/µL [19] , we created a linear spline of the imputed year with a knot at 2009. We also assessed for the presence of a curvilinear relationship in both models by including a quadratic year term. In subanalyses, we assessed for potential confounding by indication for ART by alternately excluding studies that were primarily focused on opportunistic infections and studies primarily focused on prevention of mother-to-child transmission (PMTCT). Last, we fitted country-specific metaregression models for countries where ≥10 studies had been identified (South Africa and Uganda).
Because attributing multiple years of data to a single imputed year could potentially mask temporal trends within studies, we conducted 2 additional sensitivity analyses. First, we restricted estimation to studies reporting data that spanned ≤3 years, reasoning that short-term trends would be less likely to be masked if data spanning longer periods of time were excluded from analysis. Second, for studies that reported CD4 count data disaggregated by year, we refit the meta-regression models with the data disaggregated by year (ie, multiyear studies were represented as multiple rows in the dataset). To account for within-study clustering, we used the bootstrap method to calculate 95% confidence intervals (CIs); we generated 2000 random samples with replacement of the regression estimates, clustered by the study from which they were drawn. We performed all analyses with Stata software version 13.0 (StataCorp LP, College Station, Texas). 
RESULTS
The evidence search returned a total of 1509 abstracts, of which 1039 were excluded. We reviewed the full text of 470 journal articles ( Figure 1 ). Of these, 8 manuscripts could not be obtained and another 276 were excluded on the basis of study design. Seven manuscripts were added to the sample, as they were known by the authors or identified in reference lists of relevant review articles. In total, after excluding 73 articles with overlapping data (Supplementary Appendix Table 2 ), our analytic sample included data from 120 journal articles (Supplementary Appendix  Table 3 ).
Fifty-six studies reported CD4 count at presentation (N = 295 455) and 71 studies reported CD4 count at ART initiation (N = 549 702), with 6 studies reporting data on both ( Figure 2B ). When we modeled time with a linear spline term, we did not find evidence that there was a change in the trend before vs after the 2009 WHO guidelines (for CD4 at presentation, P = .11; for CD4 at initiation, P = .65). We did not find evidence of a curvilinear trend in CD4 count at presentation (P = .07 for quadratic term) or CD4 count at ART initiation (P = .85 for quadratic term).
Sensitivity analyses did not result in substantive changes to our findings. The estimated trends were similar after excluding studies with a focus on opportunistic infections or PMTCT Abbreviations: CI, confidence interval; PMTCT, prevention of mother-to-child transmission. a Model disaggregated by year, estimated using bootstrapping to account for clustering of data within studies. ( Table 2 ). We found similar results in an analysis restricted to studies reporting ≤3 years of data, suggesting that aggregation did not bias us toward null findings. When we disaggregated data by year for the 14 articles that reported disaggregated data, the estimates remained similar. Restricting estimation to the subsample of South African studies, we found a statistically significant trend in CD4 count at presentation (β = 39.9; 95% CI, 9.2-70.7; P = .02; Table 2 ), but no evidence of a trend in CD4 count at ART initiation (β = 2.4; 95% CI, −22.5 to 27.2; P = .83; Table 2 ). Restricting estimation to the 11 Ugandan studies reporting CD4 count at ART initiation, we did not find evidence of an upward trend (β = 4.2; 95% CI, −4.0 to 12.4; P = .28).
DISCUSSION
Our findings suggest that neither CD4 count at presentation to HIV care nor CD4 count at the time of ART initiation have appreciably changed in sub-Saharan Africa during the past decade. Our sample of >500 000 HIV-infected persons in 24 countries included in the ART initiation analyses accounts for approximately 1 of every 20 people who initiated ART in the region during the observation period [1] . The CIs exclude the possibility of large upward trends in CD4 count, and our estimates were robust to numerous sensitivity analyses. These results reinforce 2 critical challenges to achieving the goal of an AIDS-free generation: (1) Despite remarkable increases in ART availability in the region, there remains a substantial gap between CD4 count at presentation to care and CD4 count at ART initiation; and (2) even the most well-designed and well-supported ART programs will have limited capacity to maximize the health benefits of ART and prevent new infections if people continue to present to care during late stages of disease. Prior estimates of trends in HIV care delivery in the region have shown largely similar findings. Whereas multisite cohorts in sub-Saharan Africa have shown modest increases in CD4 count at presentation (10 cells/year) [20, 21] , meaningful trends were most evident in women and younger persons [22] . Nonetheless, the beneficial effects of ART in terms of improvements in HIV-related health and life expectancy in the region have been well documented [2, 3, 7] . Taken together, these studies suggest that, while many countries have made progress in combating the HIV epidemic, there is considerable more progress to be made. Our collective ability to reduce HIV incidence in subSaharan Africa-from nearly 1 000 000 new infections annually to zero-will largely depend on identification and treatment of the remaining 40% of HIV-infected persons who are eligible for but are not receiving ART.
Recent WHO recommendations to initiate ART for all persons with CD4 counts ≤500 cells/µL [11] have spurred debate about the benefits of adopting this threshold as well as debate about the extent to which existing health systems can accommodate the expansion of treatment availability [23] [24] [25] . Our estimates indicate that, if present trends continue, it will be some time before such debates actually relate to real-world policy or programmatic concerns, because most HIV-infected persons present to care or initiate ART at CD4 counts well below even the current policy threshold. We therefore argue that greater resources should be focused on both earlier diagnosis of HIV and expedited linkage to ART initiation [9] .
Promotion of early diagnosis and referral to HIV care will arguably have the greatest impacts on HIV-related health status and secondary transmission. As of 2010, <40% of HIV-infected persons in sub-Saharan Africa were aware of their status [26] . While much attention has been paid to the treatment cascade, relatively little has been paid to the earliest stage, HIV diagnosis [27] , possibly because of the physical separation between many HIV diagnostic and treatment facilities in the region [28] . HIV testing and referral may be undermined by a wide array of social forces such as generalized poverty, the immense stigma attached to HIV, and disinterest in enrolling in HIV care or initiating ART while feeling healthy [12, 14, 29, 30] . Multifaceted, scalable interventions are urgently needed to address these barriers [31] [32] [33] .
Improving the timeliness of ART initiation will also require significant additional investment. Notwithstanding the laudable implementation of ART services for >10 million HIV-infected persons during the past decade, the estimated 169-cell difference in CD4 cells/µL at presentation vs ART initiation in 2012 suggests that a sizeable gap between ART eligibility and initiation has persisted. This phenomenon was particularly evident in South Africa, in which we showed a widening gap between CD4 count at presentation and CD4 count at ART initiation. Moreover, we did not observe any evidence for increasing CD4 counts at ART initiation after 2009, when new WHO guidelines recommended increasing eligibility to 350 cells/µL, although it might be premature to detect such a trend because national guidelines often lag beyond international recommendations. Health systems-related causes of delays between diagnosis and ART initiation are likely multifactorial, and may include delays in laboratory testing and results reporting, requirements for multiple pretherapy visits for CD4 count testing and adherence counseling, and drug stock-outs [13, 34, 35] . While effective test-and-treat strategies might partially mitigate these delays, other considerations that have shown promise include decentralization of care, point-of-care CD4 count testing, and removal of pre-ART "readiness assessments" [35] [36] [37] . Ongoing international commitments by the US President's Emergency Plan for AIDS Relief (PEPFAR), national ministries of health, and other nongovernmental partners will certainly be a sine qua non to enabling ART access for the remaining approximately 7 million HIV-infected persons who are eligible for but not receiving ART [3, 38] . Unfortunately, annual PEP-FAR funding has remained approximately unchanged since 2009 [39] . These data reinforce the value of support provided by PEPFAR and other donors, but also that additional resources and strategies must be explored, to promote earlier diagnosis of HIV and initiation of ART on the scale required to stem HIV transmission at the population level [40] .
Our findings should be interpreted with 4 limitations in mind. First, the HIV-infected persons in our sample may differ from HIV-infected persons in the general population. For example, published articles may be more likely to be based on data from centers partnering with academic or research institutions, which often provide additional financial resources and/or health infrastructure for study sites. Such an association could bias our CD4 count estimates upward due to the impact of these resources on systems-level effects (but would not bias our estimates of trends in CD4 counts unless these resources had differential systems-level impacts over time). The fact that our ART initiation sample represents >500 000 persons in 26 countries-approximately 1 in 20 of all HIV-infected persons who initiated ART during the observation period [1] -should further mitigate concerns about the extent to which our data reflect actual population-level trends. A second potential limitation is that we may have missed unpublished studies or those exclusively indexed in databases other than PubMed. However, for publication bias to undermine our primary findings, there would need to be a disproportionate number of unpublished studies either (1) conducted early in the decade and showing extremely low CD4 counts, (2) conducted late in the decade and showing extremely high CD4 counts, or (3) conducted at any time and showing an upward trend. Although any of these scenarios are plausible, we find them to be unlikely, given that publication bias would be expected to mask unpublished studies showing lack of progress. Third, it should be noted that a minority of our estimates were derived from data collected after 2010. As more data accumulate and are disseminated, more recent trends are likely to be revealed with greater clarity. Last, relatively few studies (7 of 120) included estimates of both CD4 count at presentation and ART initiation, limiting our ability to make definitive conclusions about gaps in linkage to ART care.
In summary, despite progress in making ART available to millions of HIV-infected persons in sub-Saharan Africa, CD4 counts at presentation to care and at ART initiation have not appreciably changed in the past decade. To reduce HIV-related morbidity and mortality at the population level, and to decrease secondary transmission, intensified efforts to increase demand for ART through active testing and facilitated referral should be a priority. Meanwhile, continued financial investments by multinational partners and the implementation of creative interventions to mitigate delays between presentation to care and ART initiation are needed.
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